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Description 



ANTI-RECEPTOR AGENTS TO THE 
VITAMIN B 1 2/TRANS COB ALAMIN H RECEPTOR 



Technical Ffr lri 



10 



The present invention generally relates to anti-receptor agents to the 
n receptor, and more specifically, to agen* which can 
cause the cellular depletion of vitamin B12 by antagonizing or modulating the 
vitanun B12/transcobalamin II receptor, thereby inhibiting cell division of normal 
or neoplastic cells. 



Background nf q.. TnYfT't' 1 — 
15 «■«.,„>. J Btpedmen,aI *" P«JM«1 animal models, and pata,, 

cell s for «■ E12. Tlis mmien. is a for necessary to an 

mtate and is transport throughout the body complied to transport proteins nZ 
20 which mtenaiizes me complex ^releases the viamta mBaceUularly. T»e3£ 

W» complex B12 after release ftom endogenous binding p^ by ^ „ 

B12/transcobalami« n complex is then J 
~ b, receptors preset on dividmg ceUs, internal^ and «SJ^ 
meceBwherei.isn^byccrtoenzyn^asaco-fac.or. 

The high affinity receptor in dividing tissues or cells responsible for 

££r of B1 , J ^ n * £££ 

»d !^ """^ reC0e " i2K ^ "» B^transcobalamin complex 

and not the serum transport prow,, or ^ ^ 

35 B12 is reouued durmg cell division than during mefcbolism, and me 

receptor is the only high affinity means for on*, ^ of viZ, 'l2 

cell division. When stimulated to divide cells den.JZT i 8 

•™ n. «™, cells demonstrate transient expression of 
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this receptor leading to BI2 uptake which precedes actual DNA synthesis (J. Lab 
Clin. Med. 103:70, 1984). Vitamin B12 receptor levels may be measured by 
binding of 57CcH»balamin complexed to transcobalamin H (present in serum) on 
replicate cultures grown in chemically defined medium without serum. No 
> receptor mediated uptake occurs in the absence of carrier protein. 

Dividing cells, induced to differentiate, loose receptor expression 
and no longer take up vitamin B12. More importantly, leukemic cells, deprived of 
vitamin B12, will stop dividing and die (Acta Haemat. 81:61, 1989). In a typical 
experiment, leukemic cell cultures were deprived of serum for 3 days, and then 
supplemented either with serum (a source of B12) or a non-metabolizable analogue 
of B12 and cultured up to five days. Cell cultures supplemented with vitamin B12 
continued to grow whereas those deprived of the active nutrient stopped growing 
and died. 

Based on these observations, it has been suggested that whole body 
deprivation of vitamin B12 may be useful in the treatment of cancer. Moreover 
because of the critical role played by vitamin B12-contaimng enzymes in cell 
division, it is believed that B12 deprivation may be used in combination with 
chemotherapeutic drugs which inhibit cellular repHcation. For example when 
vitamin B12 depletion was combined with methotrexate, the two modalities 
together were more efficient in depleting folate levels in leukemic cells than either 
alone (FASEBJ. 4:1450, 1990; Arch. Biochem. Biophys. 270:729, 1989; Leukemia 
Research 15:165, 1991). Folates are precursors in the production of DNA and 
proteins. In typical experiments, cultures of leukemic cells were exposed to nitrous 
oxide for several hours to convert the active form of endogenous B12 to an inactive 
form. Replicate cultures were then left without further treatment, or additionally 
treated with methotrexate. Cellular folate levels were measured three days later 
Cells treated with the combination (i.e., both methotrexate and inactive B12) 
showed a more striking decrease in cellular folate levels than with either of the two 
approaches alone. This combination also results in a higher cell kill in vitro 
When aMs approach was applied to the treatment of highly aggressive 
^^ymphoma m animal models (An, J. Haematol 5*128,1990; Anticancer 
*es. 6:737, 1986; Cancer Chemother. Pharmacol. 17:114, 1986; Br J. Cancer 
50:793, 1984), additive or synergy of anti-tumor action was observed, resulting in 
prolonged remissions and cures. The following Table 1 summari 
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Table 1 



. Vtamjn B12 DppHiQn (Nim>ns Oxide) in mmh,no^ n ^ mry 



Study 

Myelocytic leukemia/rats 

Acute leukemia/rats 
Acute leukemia/rats 
Acute leukemia/rats 



Drugs Used in 
Combination 
with Vitamin 
B12 Depletion 

cycloleucine 

5-FU 
methotrexate 

5-FU 

. methotrexate 

cycloleucine 



Therapeutic 
Results 



additive 
additive 
synergistic 

additive 

synergistic 

synergistic 



5 ♦ ru A kev finding in the experiments described above was that short 
(hours to days), whole body depletion of vitamin B12 can 
with chemotherapeutic drugs (such as methotrexate and 5-FU) to iTrZ^ 

multiDle anim.1 n,rr rombu »*>n therapy was demonstrated in 

multmle animal models. Observations in patients have indicated that lone term 
(months to years) vitamin B12 depletion is required to prod^ZZlT , 
tissue toxicitv Pv«, ;„ ,•. • . proauce significant normal 

ranun B12 - They include dietary restriction m»i, a 
vitamin en tl sterns and in animals to denlete 
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infusion of a non-metabolizable analog of B12 which essentially dilutes out the 
active form. This form of therapy is not specific for dividing cells but affects liver 
dependent metabolic processes. Another approach includes restricting the dietary 
intake of vitamin B12. This method, however, requires very long periods of 
dietary restriction and is offset by hepatic storage of vitamin B12. All of these 
methods suffer from problems of specificity, since they affect both B12-dependent 
growth as well as basal metabolism, and therefore are not particularly suited to the 
development of anti-proliferative pharmaceutical products. 

Accordingly, there is a need in the art for agents which will cause 
the cellular depletion of vitamin B12, and which selectively affect dividing cells. 
The present invention fulfills this need, and provides further related advantages. 

Summary of the Tnvenrin n 

The present invention discloses anti-receptor agents which 
antagonize or modulate the vitamin BI2/transcobalairdn H receptor. Such agents 
cause cellular depletion of vitamin B12 by interfering with receptor recognition of 
the vitamin B12/transcobalamin E complex, thus preventing or inhibiting cell 
division. Anti-receptor agents which antagonize (e.g., block) the vitamin 
B12/traiiscobalamin n receptor function by competitively binding to the receptor 
thereby preventing cellular uptake of vitamin B12. Alternatively, the antagonists 
may sterically hinder recognition of the complex by the receptor by binding 
sufficiently near the receptor, and thus prevent cellular uptake of vitamin BI2 
Anti-receptor agents of the present . invention which modulate the vitamin 
B12/transcobalamin n receptor, bind to the receptor and cause the removal or 
25 clearing of the receptor for a period of time, and mus iiihibits ceUular uptake of 
vitamin B12. Anti-receptor agents of the present invention include proteins (e g 
antibodies and antibody derivatives), peptides and small organic molecules that can" 
antagonize or modulate the vitamin B12/transcobalamin H receptor and cause the 
cellular depletion of vitamin B12, thereby inhibiting cell division of normal or 
30 neoplastic cells. 

Li one embodiment of the present invention, an anti-receptor agent 
to the vitammB12/t^balaminH receptor is disclosed. This agent is capable of 
competitively antagonizing or modulating the receptor to prevent cellular uptake of 
vitamin B12. In a preferred embodiment, the anti-receptor agent is an antibody (or 
35 derivative thereof) to the vitamin B12/transcobalamin n receptor. 

In a further embodiment, the present invention discloses a method 
for inhibiting cell division in warm-blooded animals by administering to the animal 
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an anti-receptor agent to the vitamin B12/transcobalamin II receptor, wherein the 
agent is capable of antagonizing or modulating the receptor to prevent or inhibit 
cellular uptake of vitamin B12. 

In yet a further embodiment, a method is disclosed for preventing or 
5 inhibiting cellular uptake of vitamin B12 in warm-blooded animals by 
administering to the animal an anti-receptor agent to the vitamin 
B12/transcobalamin n receptor, wherein the agent is capable of antagonizing or 
modulating the receptor. 

10 Descrintinn 9 f the Drawin gs 

Figure 1 illustrates the development of vitamin BI2 transcobalamin 
H receptor antibodies through the production of murine monoclonal antibodies to 
the receptor using immunogens consisting of a solid phase, affinity sorbent for the 
receptor to elicit antibodies, followed by hybridoma generation and screening using 
15 both binding and functional assays. 

Figure 2 illustrates the administration of vitamin B12 anti-receptor 
anybodies <Le., infusions every 2 to 3 days) to maintain serum concentrations 
above the requisite level (indicated by tri-partite line) for complete or near 
complete receptor blockade. The requisite concentration is determined by the 
amount of antibody required to block *90% of vitamin B12 uptake into cultured 
leukemic cells (K562) as assessed by functional assays. 

Figure 3 illustrates assessment of vitamin B12/transcobalamin n 
receptor modulation by vitamin B12 anti-receptor antibodies. 100 ng/ml of 
antibody is incubated with 1 million Raji Buriritt lymphoma cells. Half of the cells 
are held at 40°C and half transfexxed to 37°C after washing. Thirty minutes to 2 
hours later, samples are assessed for residual mouse Ig bound to cells by flow 
cytometry (MFI = mean fluorescence intensity of all cells). 

Detailed Description nf ft* ]™ m fi m 

Bl2/tra «k ^ ^ !nVenti0n diSCl0SeS Mti -"**Ptor agents to the vitamin 
B^/transcobalamm O CB12/Tcn") receptor. Within the context of the present 
invention, -anti-receptor agents- cause the cellular depletion of vitamin B12 by 
acting as competitive antagonists or as modulating agents to the B12/TcH receptor 
Competitive antagonists are agents which competitively bind to (or sterLly 
hinder) the B12/TcII receptor, thereby preventing or inhibiting cellular uptake of 
vitamin B12. Modulating agents bind to the B12/TcII receptor, and result in the 
clearing or removal of the receptor for a period of time (generally hours), Mowed 
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by regeneration and re-expression of the receptor (assuming the modulating agent is 
no longer present). Anti-receptor agents of the present invention include proteins 
(such as antibodies), peptides and small organic compounds. 

The present invention is directed to novel methods for depletion of 
cellular vitamin B12 in warm-blooded animals by, for example, administering to 
the animal an anti-receptor antibody to the B12/TcH complex, wherein the antibody 
competitively antagonizes or modulates the receptor to prevent or inhibit cellular 
uptake of vitamin B12. Due to the low expression of the B12/Tcn receptor (e g 
only a few thousand per cell) and the need to generate functional antibodies thai 
elicit a biological response (e.g., cause cellular depletion of vitamin B12) novel 
methods of immunization are described herein for eliciting functional antibodies 
(e.g., combining affinity enrichment of the receptor together with the use of solid 
phase immunogens to enhance the response to these weakly immunogenic and 
poorly expressed antigens). Only a portion of these anti-receptor antibodies 
15 function as antagonists or to modulate cellular receptors. Appropriate antibodies 
may be identified by bioassays as illustrated in Figure 1. 

Antibodies (and antibody derivatives) of various specificities can be 
generated to the B12/TcII receptors. Antibodies of the present invention can fell 
into several functional and specificity categories and have different pharmaceutical 
20 applications. Anti-receptor antibodies to the B12/TcII receptor include those which 
(1) bind but do not produce a biological response; (2) cross-link, modulate and 
clear the surface of receptors and, if the concentration of modulating antibody is 
maintained in the patient's circulation at sufficient levels, modulate any newly 
synthesized receptor when it is te^xpressed ffgM antibodies typicaUy are me m 
25 efficient modulating agents); and (3) function as competitive antagonists for 
vitamin B12 binding. Each of these types of antibodies may be distinguished by 
specific binding or functional assays in a series of screens, beginning with primary 
screens using initial hybridoma cultures, through secondary screens of clones, and 
finally to more labor intensive assays of final, stably secreting clones. {See 
30 Examples 1 and 2 below). Murine antibodies that are generated are used to 
demonstrate the comparability of antibody mediated depletion to nitrous oxide 
conversion of vitamin B12, and in causing the death of tumor cells in culture 

The pharmaceutical application of murine antibodies, however, is 
limited by the potential for anti-murine antiglobulin responses in patients fi e 
35 immunogenic^). Thus, murine antibodies require genetic manipulation for their 
conversion to human-mouse chimeras. Numerous methods exist for conversion of 
murine antibodies to chimeras in which the heavy and light chain constant regions 
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are subshtufcd wm, human versions or h wtich * bm fc ^ (coinpIemai 
determming repons) are substituted with meir „ urail equivalents. Z 
/, JU3I7. 1992; ^c. « « 1989; ^ 

KM S6.W3, 1989). In addition to resolving the problem of inlmuilogeilil% it k 
for the bio.og.cal activity of vitamin B!2 receptor antagonL to 
select heavy Cham coi>stam regions which wm imr^ tag serum half life. ^ 

immBU, blockade of receptors should be maintained for several „ou« to 

T ^T" tave "-»*- varying from 24 to 

«ve^days. dumeric IgG antibodies need to be assessed tor mis prone* 
n^vtduaUy. H uman,gM nave half lives that can exceed s^eral days and^ 

p receptor antagontsm or modulation „„« be maintained for prolonged 

Completely human monoclonal antibodies can also be created by fa 

«9 - exist for fc *. i_ BBll and human ^ 

generation (7. tow™,* j^ta* i<J:71 100 mrU ^ °° v 

~ * «. w , 988: ^ ^ J7:20> I9 8 8 

1987; tmmL Un. lens. 1987; 7to«e Jft25. 1987) abc U s 

4,879.225 (herein incorporated by reference in its JL 

can be used totT*™ *° """^ a " ib0<,ieS ' *-* "a™*** techniques 
can be used to produce vartous antibody derivatives including fiagmems nepddeT 

""J- -** . - weu as a variety o, antibcZ SSTS 

taea0,twaittm - A" »«evari„ K antibody derivatives^ 
bepn* ced flom an existing murme mlitody „ ^. - 

^aUy, one can consider such an antibody as staining, within its^i 
comb-mng ate, me information necKsal7 to ^ ^ * * £■« 

«*•»•«-; ™* «— — can be put into me context rTecu^ o 

35 SS^es d r n, " " — ^ — - 

^ ^ afeemo,ti0 ° ed antibodies (which are typically whole 

W can be engmeered by a nmnbe, of different approaches bu, JL£Z 
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replace murine constant regions with those of human origin. Alternatively the 
CDRs d-e., the specific regions interacting with the antigen) can be isolated from 
the antigen combining site and then engrafted into a framework of human variable 
as well as constant, regions. This latter type of antibody should be less" 
5 immunogenic than chimeric antibodies in which only constant regions are replaced 
More recently, efforts have been initiated in identifying the most probable residues 
within a murine antibody structure that elicits antiglobulin or HAMA responses 
Essentially, these may be hydrophilic residues that are in contact with solvent and 
can be identified and replaced by mutagenesis of antibody genes. 
1° For certain appUcations, it may be favorable to shorten serum half- 

life in order to provide better penetration into tissues or to clear background blood 
levels. This can be accomplished by engineering a whole antibody into one of the 
vanousfagments identified in Table 2. The most common antibody fragments 
produced by genetic engineering are the Fab or Fv fragments. Fab fragments can 
15 be created by enzymatic digestion of whole IgG, but this usually entails a 
significant loss in product, as well as inconsistencies in the final antibody form 
Thus genetically engineered Fab is believed to be a more consistent product, and 
ZZZ^ ***** «■ bacterial expression systems. An 

m r* UCmg -* ' * to isolate the regions of 

contoct^^h m V f^ m antigen binding (i.e., the CDRs) and place them within the 
context of human framework. Essentially, Fv is created in a similar manner to 
Fab except that the Chi and Vh domains are not cloned along with CDR regions. 
This gives nse to a smaller fragment that requires peptide linkers to join the heavy 
and hght chain components. Moreover, it is believed that certain heavy chain 
domains can combine with target antigens without the participation of a light chain 
domain. ^*l^»**^»*to v ^ m ^J ma £ 
brndingspecxflcities. The smallest antibody fragment consists of peptides derived 
fiom the ^formation in the CDR, but retain the ability to bind to target structures 
Since the affinity of these antibody fragments (as well as Fab a^Fv ^ 
maintained with cloning, bivalent antibody fragments may be created, I wei « 
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Table 2 



Derivariw 
Antibody Fragments 
CH 2 deletion 

CH3 deletion 

Fab 

Fv 



Heavy chain domain 
MRU/Peptide mimetics 

Chimeric Antibodies 

Chimeric (mouse V region/ 
human constant regions) 

Primatized (mouse V region/ 
primate constant regions) 
CDR grafted (mouse CDR, 
human constant and frame-' 
work regions) 



Hydrophillic residue 
substitution 

Modified Antibodies 

Antigen Affinity 



Effector Functions 



Referents 



Mueller et a PNAS 57:5702-5, 1990; Kashmiri, 3rd IBC 
Conference on Antibody Engineering, M^mTS 

Xasbjniri, 3rd IBC Conference on Antih~i» b • • 
May 14, 1992 Antibody Engineering, 

10/, 19W, Better et al., Saence 240:1041^3, 1988 

Huston et al.. Methods in Emymology 20*46-88 1991. 

Ward et al., Nature 341:484-5, 1989 



May ^l^Mo^S 01 ?^ ° n **** 

ioao. i -T7 ^ Momson& Oi, Adv. Immunol 44-65-92 

1989;I J mick &Fryf Hybridoma 2:112 -89, 1991 ' 

Say ffS? ^ °— • - AnUbody Engineering, 
QJswdI& McCafferty, UBTech 70:80-84 1992- T n« 

1990; Tempest et al' Bla^^SSt 'r^ 02 ' 
Nature 321:522-5, 1986 ^^l. Jones et 

2*3 l£ BC 0 - fc — - Antibody Engineering, 



^2^28^i^ 0 - 4 ' ?"* CbriBOn * 

CWII * j McCafierty, 7ZB7«ft 70:^ ^2 fool ^ 
Winter. V. Afoi ZfoJL 22*487-99, 1992 & 

wZST^ 61 M ° L lmmuno1 - 2*213-20 1992- 
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Bi-specific Bag et aLf pNAS gs.4723.7 j 

DWmulti-menc «* H.V. 

. May 14 ' 199 * C«teretal.. Blo/InmunoL /^ko* 

OlgaiUC molecule mimetics Satagovi et al., Science 253:792-5 1991- Wolf * tb^ 

(peptiomunetic) Confeeaceon Antibody B^ta^l^VES 

Immunoadhesins m^*, * ^ 2tf7:5747 . 5(> 

*••'••"'• GmrtSwl) 7569-72, 1992 

Ano-ulioOTfc antibody H^fam*,**, 19!)2 

Ketaining high affinity of m antig«K»n>bining site for its an- 

^^^ A-ormulo-mencfonmleaa^gtoeiil^af^ Such di- or 

-oleciilar modeling techniques can be used to J"f° IeC " br reco « mBon "»■«>. 
^an^ush.g^^^^^ 

* ^ d0ned * t<> attach them by recombinant 
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techniques to immunoglobulin-constant regions. This provides for the loneer 
n .half-life and potential effector functions that .ay be useful in Zl 
^antagonist Such combinations of receptor and immunoglobulin 
light chain constant region genes is termed an immunoadhesion. 

Using the information present in the combining site of a functional 

T?*Z*T m — * ***** - S 

site of the fa«be generated (termed an anttidiotypic antibody). Such an 

A" "■P 01 *""' aep in generating the antibody derivatives discussed 
"bove . «« ^oution of „ g4nK ^ ^ determilg^H 

^^ fo ^»^c« B pnx l »cean,uri»e^y 0 fap^ 
SS: ^"^"^"^■^CDRcan b.isTn^ 
2£^ to ^<^«^*»1.2. Toelicitsucht 

the genes can be isolated through PCR amplificanon and ZTZ 
^^ottotm^yt^ntc,^^^ omen cloned 

A human antibody can be produced directiv ft™, . 

^T^T n W" a case, a« hum^cT*!^* 
B~U u utomfied and immoralfced etther tough a celtalar tectau Jo^h 
a gene amplified technique. A source for such a B-cell 
pemtoous anemia, a congenital dormant, associated tf. low B-12 EST 

In addition, human antibodies mav he ~n*«^ • 
30 tmnsgenicfcr human tam ra0 gl<*ulm g^ ^'^T 8 """^ ^ 

case, the antibody specific for the B-nnwr J ^ 8 ^ 1992 )- In this 

ionization of the ZZ ^1 ^ * * ^ ^ 

ieuK ocytes, with an immunogen which enhances the 
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fiW of elicitation „ specific mtiMia (as „ 
Atomatvdy, annbodies of tne appnopriate specif ^ be ^ 
Ub^of^Hne^G^. In arch a prLs/abnriTof Fab 

5 sp^tyfessenban yequivalem.oanun-taa.muzedB^^^J.TLe 
^ ca. .be creafcd fron, a. i,™,^ r^*^ increasing 
W«^for Hl e^a„a ppn ^ ai , libo(iy Mo^er.the^babMtyof 
K^fynuj an anobcdy of ^ ^ ^ ^ 

10 ^" e I^ te ^^ tf ^ immi ^-^ outlet 
10 teaiuquesdKctosed in Sample 1 below. 

Despite the potential utility of antibodies and antibody derivatives as 
"ceptor ^onias, there may be pharmaceutic* appHcadons for 

specuuized forms of deuvery such as orthotopic or coadministration Forthese 

'J T <,,gan, ; » *P*-« may also be devXped £ 

pepMes and compounds may be developed through: (1) screwing 

>*f"«?— Hb^es, antibody paaopeana.op or antibody fVLZ^ 

tojo Kfendfy pepdde or antibody variable region Wrfbta* 

1988; ?>oc. Nat. Acad, Sci USA R7>fwia ioo« rJ ^ '*>XB, 

25 ^^P^tinfer^cadonbroftsofmicroo^ 
«— B12 up** identifying the biochemical 

r^Sotr 085 * — — — vn. 

d6fine ° ptunal re ^ mens to manipulate B12 uptake and 
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typical mass action ,ashio„. n. ^l^^r^ mm * fa a 
matatain sen™ con^rr*™ of £ atZT" " " 

»d morepreferabl, », „ -(lf fc J£«S £2£Z " h*"*' 
10 prescribed period of time, typically , ,oV7„ „ J""" ** ' 

cetenntaed by the ^ -JLt^J^^f f** is 
<leath or cessation of cell divi«i™rt ! ^ 10 ** """ed <«•*•. cell 

of inhibition ~ ^ eXPerime, " a,ly 

•to is easily J*Lu?? ? ° f TOa » s - » ^get ceU i, one 

specific anti-iZpic^tiZL """"^^ * - of individually 
antibody reoutad „ ^ ^ fc J^- refe ™s to amounts of 

* ^*b.d£^^£-** Md «-« ofadministiation 
quantitated in serum bv solid nh^ . g of 1 to 500 mg is 

-j* ^y i~ rssn^^i-r- ~ 

isolate from detergent extract nf **<a i ,„ . tfywprotem 

30 ^"con^^rar^Tl^ 8 "'^^ 
»-« of a .ypica, fco antibody^ .^l" * - — 

36 «o 48 horn, » mataJ^ ^ "T^ ' Wro,dm ^ 
maximal blockade (shoM, by *JZZ?ZZT *" for 
US' of me anti-receptor JLST?*' ? ""^ tahera " «™» 

«flain cucumsances. * y te more ^lageous under 
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Antibodies capable of modulating or -a^. - 
*cep*rs may be used » . ^ ^ „ JSLTZJ^ 
^^ ofu.eparame.er.ofreeepton.odulataU neltssary JZZL 
therapy. Modiuation, capping, palcbing, clustering, or immoH&ation canJbette 
5 result of m ^ aos of antibodies * cd -to -to, , «^ £ 
*rms describe a range of responses to complete clearance of ^JTtolS 

ol Tbtr 0 " ,° CC ° B ' ^ bi,Kfing " -* " " te ° f - 
10 a4netTan7^^ OTte ^^^^™^ 

botmd by anbbody, but too appears * be little rdationship be*** anfi™ 
ability to be modular (Aaa Baemoul , "*» 

t« o*r« y ^ IgM can span a greater distance than IeG> 

a add-on, accessory antigens, antibodies or c* can also ^ ^ 

20 J. JnmunoL 144:239 m/T^ ' ' 2C:1380 ' W 8 * 

25 modulated anticen or u «*"~«R3 t 1987. Once 

«« * , _f orrece P to r can have several fetes: immobilization or clustering 
on the cell surface, internalization and degradation or shedding. T, ^Tof 
modulation may vary significantly even with the same antibody LJ» w 
cell population. 75119 19^ ™^ * ' Md ^ 

Selecnvirymaybeachieved in modulation also. Most types of clu 
«n be^ by antibodies as described for fibroblaas ff 

v uuauiogm Z4.m, 1983), sperm (j&p. CfeffJfef 74*?7V ioa^ . 
35 epithdium (/. w*,/. /15 . 2409 ' J"* ^ 275 ' 1983 >> glomerular 
448-1095 IQrqn it 0 jiW9 ' 1985 > 311(1 tonor cells /. Comrer 
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susceptible to modulation. For instance, antibody to OKT 3 ib *„« 

injecting a undulating d «e ™T^CT>* f ^ "* 
node T-cells (J. Immunol. 133-16*1 MM- v * *w*vdy to lymph 

which the ^Z^^JZTT ii 
the use of an J££* ™ ^ * 

Th«e commonly recognized JL ^ T^T. IK<!P ' 0r i "" aEOniStS - 

is which « ce,, c^t^lts: i^ B t — ta 

specific or non-specific me™, folto J i7L£ZII!T °" * 
immune ceHs «pand in nun^, «, a syn^ t* " "** 

due iot^T^ * " * "» — — 

~ invent (with «h^£L^J~7» * -he ones of ,he 
be used more widely, More s^Zn.T ! * m ^ a f«-o *>W). may 
tovento are no, deLc^o^atf ? ""'"'^ ^ ° f te I— 

» ^^..ean^^^Ttl^^^"™- 
B12. Furthermore the «en K rf«7 by adlmnis<nli <»> of vitamin 

'eve. of ,he nucleus, aL 0^5^^! "°' " ^ 

cte»»th«peu„c drossy. * " (as man, 



30 

-p. -^sr: zicrrirr- for Bmcn 
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Table 3 



TarKt Cells for Vitamin R 1? R rT |T tnr Antap ^ 



Target CelL 



Activated T-Cell 



10 



15 



20 



Tumor Cells 



Bone Marrow 
Stem Cells 



Proliferating 
25 Fibroblasts 



30 

Proliferating 
Epithelium or 
Epidermal 
35 (Keratinocytes) 



Other Proliferation 

Associated Mtfffm 



Potential Pharmaceutical 
Aonlicatjjfln «; 



^2 ^^ Gnrft versus Host Disease 

Transfemn Receptor Organ Transplants 

fosuhn Receptor Auto-Immune Diseases 

Class IT Histocompatibility Asthma 

Antigens Crohn's Disease 



Tumor Assoc. Ags. 
Ki67 

Transferrin Receptor 
CD-34 

Transferrin Receptor 
Class n Histocompatibility 

Antigens 
IL-1, IL-3 Receptors 

ThyU 

Transferrin Receptor 
Insulin &. Insulin-like 

Growth-Factor 

Receptors 
Fibroblast Growth-Factor 

Receptor . 

EGF Receptor 
Proto-Oncogenes 



Tumor Therapy 

(alone and in combination 

with chemotherapeutic drugs) 

Allogeneic Bone Marrow 
Transplants 

Reduction in Toxicity of 
Chemotherapy 



Inhibition of Adhesions, 

Scarring 
Scleroderma 



Psorasis 



Proliferating and x6>aai T<dls ^ 
organ graft rejection. In all of these diseases the T-cell mav « 
tegs serve » reduce syrnptorrKKology and in some case, lead to lon£™ 
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used to replace or used in oombtaatkm with existing chemotherapeutic regirnens in 
these diseases. An important aspect of the use of aim-proHfcrative vitamin B12 
«eptor agents in these diseases is not tp, apply it so aggressively or with improper 
timing such that normal healing (adhesions, scarring) or cell renewal (psorasis) 
5 process are also inhibited. As such, tow doses of Preceptor agents may be 
used during healtag and higher doses once healing is completed. AltemaSvel, 
arm-receptor agents may not be administered at an until after healing is completed 
As previously mentioned, BlOTcH receptor antagonists can be used 

10 1 !" " * - ' B12 ' » to ^ b«n shown that 
10 mm** depnvadon h* to the ** of rapidly prtflferaung lymphoid 
neoplasms such as leukemia and lymphoma. Moreover, short term tteabnen, * 
reduce cellular availability of this m«™« t ». ..• J """"K to 
"""a* or tins nutrient, combined with existing 
cnemomoapeutic agents, markedly improves tterapeutic efficacy. 

15 differ^ « f tUm0rS ' 812 <Metol md °<* stasis and 
15 ddferenbabon as wen as cell death. Tte, BlOTcfl weptor antagonists ma, be 
usedtontfuce differentiation m bormtmaUy re« sotid tmno^ An iZ^ 
^mimber of ceUs expressing a difflsendaW phenc^ shc^ r^ mZ 

tumors, such as breast and prostrate cancer, are duectjy concha* with thl 
20 ^ to hormonal tbempy. Accordingly, B12/TcD receptor antagonisb^arfbe 
used * incrcase ta. number of receptor positive tumor cells . tacLse recept» 

noabrt, 7"™"", 812 reCCP '° r anagonifls ^ both replicating 

25 S2» TT CeUS - ^ owever * bone marrow progenitors demonstrate 
25 ctf^ser^b^vo, r^. llu«, B12 recq^ anagonists cat, be used to 
modutoe sens^ty 0 f bone „„„„ so as to enhance their resist * 

me ,o*k effect ; „, chemcherapeunc agents. Such chemotaapeotic dr- « 
W on repHcattng cdls, with .^-replicating cells being nu^less *nSvT 
30 J""*-"-*"* ^cation since delivery is 

30 adueved » ^accessible marrow versus normal organs arrf sohd n^orT^r! 
*H*on, a B12/TcII nonreceptor antibody, possessing the ability „ ZLa^ 
«eptor, could dttferendally effect lymphoid versus epotelial tissueT 
the sensitivity of praters to «, teg s wou.7 increased ta^alf 

35 ^<^°f ^"therapy or reduce me „^ 

^ 1* "comued ma, such posidve efltas on bone marrow progenia 
^conseouenceofBia recepn* thempy for cancer, isan addnUl mThaL 
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35 



by which the therapeutic index of chemotheiapeutic drugs other than 5-FU and 
methotrexate can be improved. 

In a variety of autoimmune diseases, graft versus host disease 
ectopic allergy, and organ transplantation, an initial Eduction' phase, in which the 
5 patient becomes sensitized to self or allo-antigens, is Mowed by a "proliferative" 
phase in which forbidden or unregulated clones of B-or T-cdb are expanded It 
has long been known that treatment with anti-proliferative, chemotherapeutic drugs 
following induction can inhibit expansion of forbidden clones, inhibit progression 
of disease, and restore a stable state of tolerance. An antibody, OKT-3 that 
10 controls the proliferation of allc-antigen-sensitized T-cells, has been approved for 
management of acute allograft rejection. Anti-receptor antibodies of the present 
invention can be substituted for extremely toxic chemotherapeutic drugs or highly 
immunogenic antibodies such as OKT-3 and achieve a similar state of tolerance 
without these associated drawbacks. 

U Inflammation fa an application for which antibodies are already 

bemgubj^m clinical trials. He primary emptaafa ^ ^ „ J 
earl, manifestations of inflamnuttion by inhibitini recruitment or Wnding of 
uttWory cells to oscular endothdium of inj ured tissue. It also well 
recogjuzed that proliferation of cells at the stte of inflammation contributes to the 

to end, anu-prolrierauve, clsmotherapeutic drugs have been widely used to 
inhibit sequelae of inflammation. ' 

Methotrexate is one such drag commonly used to treat svimtto™ 
associated with rheumatoid arthritis. The drug acts to reduce both tocaBzed^eg^ 
9nov>un» and generalized inflammation associated whh disease progression 
M^otnaate acts synergistic with vitamin BE depletion in therapy of 
^nua. B.2 antagonist can therefcre be coined wih mefl,^ I 
^ e^m rh^darthrius. <*her metarexate applications include 
treating destructive inflammation associated wiaclmnUcheanoTsease and coHtfa 

Co™*, ^. t S T y ' " """"""W <•> »e abdomen is often 

""W^ by me development of tissue adhesions. These represent 
conaderable clinical preblem because the, le* to bowd bloctag. aTZire 

ceto of the pentoneal membrane lining the abdomen. A non-toxic means of 
-larprocess of benign proHferation and subsequent scarring is a compHcIon o^ 
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retinal surgery. Direct instillation of a small molecule analog of an antibody 
receptor antagonist could prevent such disabling complications. 

5 n^T t ° f ^ B12/TCI1 ^ antagonists and 

5 modulators. The type of receptor antagonist and modulator used in the examples is 

to *° «~ of AIDS Related Lymphoma 
(ARL), a particularly aggressive form of cancer arising in AIDS patients, « well 

Z£^T*~ ^"^^anaiogsmayl^ 
^.^treatrnentofcan^butaremoreop^ 

EXAMPLES 
15 Example J 



20 



25 



30 



Antibodies to the Vitamin pi-) ftfnrrftrr 

SDlenocvt BS f™! ybrid0,naS by ^ mediated fosion <* murine 

TrZ " Sh0Wn h *~ "* HGPRT - myeloma 
Z»Z ■ r™^' * Pre^nt in Cohn-purified 

^fly immobilized (CnBr Sepharose) and used to adsorb 
small quantities of solubilized receotor Hie m mn L • * " rt 
mice Pn„r t« «; , , ^ ^ com P Iex 15 then used to immunize 
mice Four to six weeks after fusion, hybridoma supernatants are screened H 
functional assay for inhibition of vitamin B12 ^TkSsTi^ ^ 
a^chemicaily defined medium using a modified radiolabel Jt^** 
^balammcomplexedwimt^scobala^ ^™ 
of the primary screen in microtiter plates are iHustrated in Table 4 b*T2 

the positive control (maximum inhibition) and utilizes sen,™ « 

unlabeled v*™ * source of 
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1 


2 


3 


A 


1.000 


.986 


.995 


B 


.738 


.922 


.888 


C 


.972 


>L000 


.984 


D 


.983 


.111 


.986 


E 


.788 


.922 


.888 


F 


1.000 


.986 


.995 


G 


.983 


.986 


.986 


H 


.972 


1.000 


.984 



Table 4 

Primary Sp^ta of TTYfrftftm 
4 5 



. 6 
.898 



.943 



7 8 9 10 11 12 

.994 .993 .982 .988 .987 1.000 

.898 .993 .942 .986 .897 .954 

.885 .924 .987 .845 .892 1.000 

1.000 .956 .964 .955 .913 987 

.898 .993 .942 .986 .897 .954 

.994 .993 .982 .198 .987 1.000 

1.000 .956 .964 .955 .913 .987 

.885 .924 .987 .845 ,892 .089 

The hybridomas identified in this primary screen (AS, C2 D2 and 

later, clones (identified by sequential numbering) from the primary welTa^ 
~ k the functional assay to identify those clones 2 
characteristic actmty of the parents. In addition other assays are performed to 
^ctenze the specificity of the clones by inhibition of vitlin E^pTon 
carcinoma versus leukemia cells or normal, mitogen stimulated lymphocytes The 
results of Reassessment ™» 

Table S 
Assessment r? f Sneeifiqfy 



Clone 

Lymphocytes 

A5/8 

A5/12 


_ Carcinoma 
.386 
.342 


Tareet ftai, 

Leukemia 
.333 
.384 


C2/2 
C2/5 


.989 
.923 


> 1.000 

> 1.000 


D2/20 
D2/7 


.656 
.891 


.089 
.174 


F10/4 
F10/8 


.198 
.234 


.123 
.312 



20 



>1.000 
> 1.000 

.154 
.245 

.423 
.666 

Based upon these results the antibody D2/20 is selected fhr fWk 
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15 



20 



^ B12 uptake at levels of antibody as low as 10 nanograms/ml (not shown). 
* addmon, the antibody appears to inhibit uptake of vitamin B12 in lymphoid ceUs 
but not those of epithelial origin, a characteristic which is potendTy J 
decreaang toxxaty to Seating crypt cells in colonic epithelium. In other 
assessments, the antibody did not inhibit uptake of vitamin B12 in mitogen 
stunulated munne splenocytes, indicating its specificity for the human receptor. 

Example 7 

* S:zs" ,fww ^ r r r 



w„ , J MSXay 132/20 " lms ° of <™<*«rarfons is incubated with Raii 
Burtat lymphoma cells ta microliter plates for three days with and^LZ 
chem^apeudc drugs. CeU viability is measured by 
dye. ^■ecelbr^feme^^^^^^^ 
sub^ysotaba^^^i,,, otometer 

are shown in Table 6 below. y 



25 



30 



35 



100 


10 


Antibody (nanograms/ml) 
i n 




.268 


.435 


.723 


.987 


0 


.055 


.077 


.212 


.993 


0.1 


.048 


.052 


.089 


.798 


1 


.047 


.048 


.054 


.563 


10 



Methotrexate 
(micrograms/ml) 



100% lysis control ■ .047 

Based on these results, the antibody to the vitamin B12 • 

aa ' ™ addition, when combined with methotrexate th* ™«,k- * 
app- * he syr^c si.ee i, »as considerably more ^ X7Z 
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two agen* alone. The results ate consistent with those oblained with other 
methods of vitamin B12 depletion. 



Example 3 



In Vj v< > Assessment, of Vitamin an a ^ .^^ a ^k,^ 
Combination with rhemnthftrap^,. p nT 

Nu/nu mice are injected subcutaneously with 1 million Raji Burkitt 
10 Whoma cells. After two weeks, barely palpable modules are present at the 
mj«*onsite Measurements are made in three dimensions with a planarimeter and 
equaUy sized tumors assigned to experimental groups of 10 mice. Mice are 

"ST"* ** ** (3 dose levek -50, 10, and 5 

15 I^TT "* D2/2 ° * m --8-ns/mouse. The^py * 

It^ 0 ?^- &ntolS ° f ^^^alone,aswel,asv^ 
2 ^:T> ~ «* toxicity, death, and tumor 

weekly for 8 weeks, at which time the experiment is terminated, the mice 
sacnficed, and the tumors removed and weighed. The average of serial tiZ 
measurements converted to weight (grams) is shown in Table TtTelow 
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Group 


1 


2 


3 


Week 
4 5 


6 


7 


8 


5 




Tcuicie 


.05 


.12 


.34 


fn 


1.3 


2.9 


6.0 




10 




Antibody 


.06 


.09 


.12 


.22 


.35 


.57 


.83 


1.02 






Drug 
(50) 


.04 


.10 


25 


.41 


.73 


1.4 


2.3 


3.4 


15 




Drug 
(10) 


.05 


.12 


.30 


•J J 




2.1 


4.8 


6.9 






Drug 
(5) 


.07 


.14 


.43 


.70 


1.2 


2.6 


4.8 


7.2 


20 


Ab + Drug 
N.D. 


.05 


.07 


.11 


.09 


N.D. 


N.D 


N.D. 








(50) 


















25 


Ab + Drug 
N.D. 


.06 


.08 


.13 


.15 


.12 


.07 


N.D. 








(10) 




















Ab + Drug 
(5) 


.05 


.07 


.11 


.21 


.24 


.17 


.15 


.11 



30 



(--) - Not measurable due to tumor necrosis 
N.D. « Not detectable 

issuer ***** ~ < " ^° f a h r 
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Example 4 




10 



th, k , ^ AIDS Rdatod Lymphoma is admitted to 

the hospxtal for treatment. T*e patient presents with .QO mvolvemenTZd^ 

ZL 7 ^ "* 1,35 h - — ** anti-retroviral^^^ 
(zidovudine), pnor to diagnosis of ARL. The patient is given an IL^e 

regxmen combining chemotherapy with bone marrow support flSSJ 
according to the following protocol: (rGM-cSF) 

15 L ugb T 0Ph0SPhamide ' ^ °~ 30 ^ on days 1 

B. Vincristine 1.4 mg/M* IVpush on day I, not to exceed 2 mg/dose; 

30 the subsequent 1350 mg/M* administered over the next7 3 ^ 
hour^rapd unne flow maintained with the urine pH's supplement Zt JJZ 
bK^natetoinamtammeurinepH>7.5; 

D. Folinic acid, 30 mg IV or PO administered q6h besiiW n y, 

25 thecompledonofmememotrexatem^on,^ 

methotrexate level is .01 uM; continued until the serum 

E. Mitoxanthrone, 10 mg/M2 IV push on days 4 and 5; 
30 F. Decadron,5mg/M2lVpushondays4and5; 

G. rGM-CSF, 3 ug/kg subcutaneously bid, through dav 6 until *. u , 
granulocyte count is > 1,000/ul; and * 31)501,116 

35 H. Cyt a rabme(50mg)mtramecalondaylofcoursel-th^ ft • 

methotrexate ( 12 mg) on day 1 and mtrathe^ c^Ton "T^ 
other courses of therapy. ^y^aome on day 16 for each of 6 



WO 93/23557 



PCT/US93/04341 



25 



The patient is also administered antibiotics and Diflucan 
prophylactically. AZT is discontinued during chemotherapy. The patient receives 
seven courses of therapy and is assessed to have experienced a partial response of 
5 nodal disease and a complete response of CNS disease. After 7 months the patient 
returns to the hospital with relapsing disease peripherally, but still negative for 
CNS involvement. 

The patient is treated with the same combination regimen with the 
following exceptions: iGM-CSF is not included due to concerns for accelerating 

10 tumor growth, no intrathecal treatment, and the inclusion of vitamin B12 receptor 
antibody, fa particular, antibody is administered on day 1 of each course of 
chemotherapy. The antibody component of the regimen consists of a "humanized" 
chimeric IgM derived from the murine antibody D2/20, administered at a dose of 
100 mg in a IV drip over 4 hours. The antibody has been previously determined to 

15 have a serum half life of 72 hours in patients. 

The patient is removed from treatment after only 3 courses due to a 
non-responding neutophil count due to the lack of rGM-CSF. After 4 months 
however me patient is assessed to have experienced a complete response of 
peripheral disease. The patient continues in complete response for 17 months. 



25 



Example 5 

Identification of Monoclonal Ahrih^ es r^hi^f pp 
Recentnr Mnitylfl.-^ 

r, 7116 hybridomas P 05 ^ in *e assay for inhibition of Vitamin B12 

ir hv ?7 Ple X *V ^ ™ 3 diffeRint ***** * identify 

those hybndomas capable of receptor modulation. Hybridoma supernatants J 

30 r rf r 1 x 10 m ieukemic * at 4 ° c f ° r 60 Z 

time and mcubated at 37°C for 60 minutes while the other aliquot is retained ar£c 
for the same period. Both aliquots from each hybridoma are analyzed for bound 
mouse immunoglobulin by staining with fluorescein isothiocyanate^njugated 
35 Z ffnOrtflB. Unbound, secondary antinomy b 

~ 8 ' *" Stain6d ^ ^ a Epics C flow 

cj^neter. The mean fluorescent intensity (MFI) of positive cells and the binding 
profile are compared on the two aliquots of cells. Of the antibodies identified in 
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25 



30 



35 



Example 1, only the sister clones F10/4 and F10/8 are positive for receptor 
modulation as shown in Figure 3. Huorescence intensity of the sample held at 37° 
C a significantly lower than the one held at 4°C, and constitutes preliminary 
evidence of receptor modulation. 

5 Parameters for receptor modulation or "capping- are further detailed 

by studies with microtubule and microfilament inhibitors like colchine or 
vinblastine, to demonstrate the requirement of cytoskeleton in modulation. Studies 
are also performed with sodium oxide to demonstrate the dependence of capping on 
cellar energy processes. In addition, me time to complete expression of receptors 
U ^ nu ^ tobe24h0 ^ «■* is detennmed that only nanogram/ml levels 0 f 
antibody are required to maintain cells devoid of receptors which results in 
complete inhibition of thymidine uptake within 72 hours. 

Example fi 

Treatment of a Patient vnth fira* Ymn ^ st niwa ^ fffvm 

With Vitoimfr Wfl Arfi _ ! >^ ?ntnr Anfl ^ y 

An adult patient with acute leukemia enters the hospital for an 
mduction regimen prior to bone marrow transplantation. The patient receives 
c^sme arabinoside, 3g/M> every 12 hours for 6 days, followed by fractionated 
^bodyirradution,200cGy, twice daily for 3 days. ITie patient is administered 
T-cell depleted, histocompatible marrow following induction, along with 
cycloserine and methotrexate for prophylaxis of GVHD. T* e cycloserine is 

TTSST- 1*??**-* 1 + 180 -^- level 

mJL ^ 15 f ° U0Wed *— * * a of 3 

^°^T 15 ***** at a dose of a25 « ■*» i. 3, 

°j io, Zj y and 31, 

^Patatdemoimratesedgntfi^ 

A. thatfcne, however, a. pata, is readied „ ^ hMpM ^ 
du^d as s „fiemg ton, Grade r* GVHD whfle suU receiving cvdosrline A 

hun^. ehi-neric m *** — andbodv HO/4 at a^Tofso 

. a, IV dnp over 4 hours foB owec by n.efco.rexa.e M.sion (0.25 « 
^gunen » adnausared on ^ x> 3> 6 _ ^ „ ^ 

cyctosporuK adnuautranon. After m, weeks nK», maniiesafonsof GvWve 
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^ived and the patient is maintained on cycloserine for an additional 60 days 
The patient remains free of GVHD for two years at / V 

leukemia and dies. two years at which time he relapses from 

5 

Example f 

gedyctipn in F f nwo1orir Tmriritv of ' 

With Vitan^ PIO A nfi TTr( . rpTm A||||t|||||j 



10 



15 



A patient wim stage IV colon cancer with both ivmnh ^ 
dement is admitted to the hospital for treatm^t ^1 ' " 
regimen of leucovonn (200 mg J), ^^t^T a 
dose of 1,000/M* of S*JLj£?Z * * 

months due to grade mm/ ° lte ** 18 sto PP ed a^er 2 

81306 leukopenia and thrombocvtouenw tu- * 

experiences a partial response of fiver and Ivmoh n,17 ' * * 

neurotoxicity. ^ 0(16 «* °^ minimal 



20 



25 



30 



patient is infused with 2 m e of a nt«K«w 12 Kce P tor - The 

module tbi^^C^S 1 ^ * 

^ Patient is infused with 5-fluorouracil and Wonn astL ^ Ba Z 
continues receiving treatment every 2 weeks for 4 ! 1116 patient 

Grade I thrombocytopenia and nZ^^T^T "~ B ^ 
interval, the patient is assessed to have exZ^ * ^ 

node disease with a vdrnTZnt ^ * ^ of ^ph 

^« wim a virtual complete response of liver disease. 

While the present invention has been disclosed an w ^ e -v , . 

te vano* changes . „ ^ ^ * 

«qani„g ftom «he spin, a»d scope of to taveati01 , ""^ ^ w " h °'" 
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Claims 



receptortojneventorinhibitceuularuptakeofn^ g 
, m Z . ^ »*»W*r agent of claim 1 wherein the agent is selected 



The anti-: 



receptor agent of claim 1 wherein the agent is a protein. 
-r^d^^" 1 ^^^ 1 ***** - antibody 

Uoftfer . • r' A meth0d fcr " inMM *« «11 division of a target cell in a warm 
blooded animal, comprising adininistering to the animal a „ 3101 

capable of com^vdy ^.dztag or modular Z ZZZ T ^° 8 
arfvaed T J' . ^ l** 5 °^ - » ^ *o m an 



9. The method of claim 5 or 7 wherein the 



agent is a protein. 
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